Introduction
Preimplantation mammalian embryos have been cultured from the zygote to the blastocyst either by renewing the medium approximately midway in the culture period (two-step protocol) or not renewing the medium (one-step protocol). One-step and two-step protocols for the culture from the mouse zygote to the expanded blastocyst stage were first described by Whitten and Biggers (1968) and Chatot et al. (1989) respectively. The strong conviction that two-step protocols are absolutely necessary for the successful cultivation of human zygotes to the blastocyst stage has become widespread since the recommendations made by Gardner et al. (1998) (see also Gardner and Lane, 2003) . There are several commercially available media sold for this purpose despite the fact that experimental support for this virtual dogma is relatively sparse (Summers and Biggers, 2003) . In this paper we present results that compare the development of mouse zygotes to blastocysts using one-and two-step protocols.
There are several variants of two-step protocols for the culture of preimplantation embryos. Gardner (1994) first advocated a two-step protocol to remove ammonium and pyrrolidone-5-carboxylic acid, the breakdown products of glutamine (Gln), which arise spontaneously in all media containing Gln (review: Biggers et al., 2004a) . Renewing the medium, however, has potentially favourable and unfavourable effects. It may re-supply beneficial compounds that have been significantly depleted during the initial culture period. Conversely, it may remove any beneficial compounds secreted by the cells during the initial period, such as growth factors. Two-step culture protocols can also involve media in which the second medium differs in composition from the first medium. This can involve the mere addition of a substance, e.g. the addition of glucose to medium CZB, which contains no glucose (Chatot et al., 1989) . Alternatively it can involve the omission of a single substance from the first medium, as was done by Lane and Gardner (1995) in which the second medium (DM1) is the first medium (DM2) less EDTA ( Table I ). The EDTA was considered toxic in the later stages of preimplantation development. More complex two-step procedures can also involve several additions and subtractions of compounds from the first medium to give the second medium, e.g. as is done using medium G1.1 and medium G1.2 (Gardner et al., 1998) (Table I ). In these protocols the embryos may be subjected to stress by being transferred to a new chemical environment. The results summarized in this paper describe the effects of renewing potassium-enriched simplex optimized medium supplemented with glucose and amino acids (KSOM g AA ), the effects of removing EDTA from KSOM g AA and the effects of replacing medium G1.2 with medium G2.2 and DM2 with DM1.
Materials and methods

Nomenclature and preparation of culture media
The compositions of the media used in this work are shown in Table I . When two media are used sequentially they will be Downloaded from https://academic.oup.com/humrep/article-abstract/20/12/3376/2913669 by guest on 03 January 2019 denoted generically as X/Y. Two two-step protocols were used: DM2/DM1 (Lane and Gardner, 1995; Gardner and Lane, 1996) was prepared in our laboratory, and G1.2/G2.2 was purchased from Vitro Life (Göteborg, Sweden). At the time our work was done the exact chemical compositions of media G1.2 and G2.2 were a trade secret, but recently their compositions have been published . KSOM g AA is KSOM (Lawitts and Biggers, 1993) supplemented with amino acids , and glucose at 5.56 mmol/l (Summers et al., 2000; Biggers and McGinnis, 2001) . A modification of KSOM g AA was also used in which EDTA was omitted and is denoted EDTA-free KSOM g AA . Zygotes were collected in medium FHM (Lawitts and Biggers, 1993) which contained 1 mg/ml polyvinylalcohol (PVA) in place of bovine serum albumin (Biggers et al., 1997) . All chemicals and reagents, unless otherwise stated, were from Sigma Corp. (St Louis, MO, USA).
Zygotes
Donor females (CF1 mice, 6-8 weeks old; Harlan Sprague Dawley, Indianapolis, IN, USA) were injected i.p. with 5 IU of pregnant mare's serum gonadotrophin (P.G.600; Intervet, Inc., Millsboro, DE, USA) followed 48 h later with 5 IU HCG. C57BL/6J × DBA/2J (BDF) male mice, 2-11 months old were also obtained from Harlan Sprague Dawley or The Jackson Laboratory, Bar Harbor, ME, USA. Animals were maintained in accordance with the guidelines of the Institutional Animal Care and Use Committee of Harvard Medical School.
Culture
Embryos were cultured in sets of 12 per micro-drop in a tri-gas atmosphere of 5% O 2 , 6% CO 2 and 89% N 2 , as reported previously (Biggers and McGinnis, 2001) . Embryos cultured using a one-step protocol for 4 days (144 h post-HCG) were cultured in 50 μl drops under oil (Sigma embryo-tested light mineral oil). Embryos cultured using a two-step protocol, where the medium was renewed or changed at 48 h (72 h post-HCG), were incubated in 20 μl drops under oil, following the recommendation of Gardner and Lane (1996) .
Embryo evaluation
In one experiment embryos were graded at 48 h post-HCG at ×40 magnification on a warmed microscope stage at ∼35°C (Wild dissecting microscope), for stage of development including 1-, 2-, 3 -4-, 8-cell and morula. In all experiments embryos were observed 96, 120 and 144 h post-HCG and graded for the stage of development including compaction, blastocoel formation and hatching. These times correspond approximately to 72, 96 and 120 h in culture.
Differential ICM and TE cell counts
After 144 h of culture, blastocysts were stained with polynucleotidespecific fluorochromes to differentially stain inner cell mass (ICM) and trophectoderm (TE) cells using a modification of a method originally described by Hunter (1984, 1986) and Papaioannou and Ebert (1988) . The details of the modified method are described by Biggers et al. (2000) .
Embryo transfer
Pseudopregnant CD1 female mice (Taconic, Albany, NY, USA) were produced by mating CD1 females to vasectomized CD1 males. Cultured blastocysts and compact morulae (4th day of culture) were transferred into day 3 pseudopregnant females. Embryos produced in KSOM g AA were injected into one uterine horn at random and embryos produced in G1.2/G2.2 into the other uterine horn. Fetuses were collected from the pregnant mice on the 12th day after transfer for gross examination and body weight measurements.
Experimental design and statistical analysis
The results of three randomized block experiments are described in this paper, where each block is a separate replicate of the treatments. Two sets of observations were made. Set 1 concerns the morphological development of the zygotes into 2-cell stages, and blastocysts by 96, 120 and 144 h post-HCG, including the numbers of zonaenclosed blastocysts, hatching and completely hatched blastocysts. Biggers et al. (2000) . b Gardner and Lane (2002) . Media G1 and G2 are often denoted G1.2 and G2.2, being later versions of earlier formulations. c Gardner and Lane (1996) These are categorical observations. Before applying exploratory graphical and statistical analyses, the data were re-expressed as the numbers of embryos that at least develop into blastocysts, which at least start to hatch and at least completely hatch. The data on the numbers of blastocysts that developed were examined using the parametric generalized linear model (McCullagh and Nelder, 1989) , assuming that the errors follow a binomial distribution. An analysis of deviance partitioned the variation into between the replicates, the treatments and the replicate × treatments interaction, respectively. If the interaction was not significant at the P = 0.05 level the data were pooled over replicates. The blastocysts that developed by 144 h post-HCG were then classified into the numbers of blastocysts that remained enclosed in the zona pellucida, those that had partially hatched and those that had completely hatched. The asymptotic or exact Kruskal-Wallis test of significance with one singly ordered variable was used to test whether these distributions differed significantly (Mehta and Patel, 2001) . Set 2 concerns the numbers of ICM and TE cells in each blastocyst that had developed 144 h post-HCG in each culture condition. The distributions are displayed using notched box plots. The boxplots show the 10th, 25th, 50th (median), 75th, 90th percentiles; observations outside of the 10th and 90th percentiles are considered outliers. The notches on the box plots are the 95% median confidence limits. Two medians are significantly different if their confidence limits do not overlap. The errors associated with the cell counts are assumed to be formed by a multiplicative process. Thus the data have been submitted to an analysis of deviance assuming lognormally distributed errors (McCullagh and Nelder, 1989) , partitioning the variation into between the replicates, the treatments and the replicate × treatments interaction. The analysis is summarized as a two-way analysis of variance (ANOVA) table. If the interaction was not significant at the P = 0.05 level the data were pooled over replicates. The embryo transfer data (embryos that at least implanted and the numbers of fetuses) were treated as two sets of stratified 2 × 2 contingency tables (Mehta and Patel, 2001) , each stratum being one mother. The exact probability that the sets were homogeneous was calculated. If P > 0.05 the pooled exact estimate of the common odds ratio and its confidence limits (P = 0.95) was computed. The effects of the two media were considered significantly different if the confidence limits did not include 1.
All statistical analyses were done, with one exception, using the S-Plus 5 package (Insightful, Seattle, WA, USA). The exact KruskalWallis test for the analysis of a one-way ordered 2 × n contingency table, and the exact analysis of stratified 2 × 2 contingency tables was the exception analysed using StatXact 6 (Cytel Software Corporation, Cambridge, MA, USA). A difference in all analyses is considered statistically significant if P < 0.05.
Results
Development in KSOM g
AA , KSOM g AA /KSOM g AA , G1.2 and G1.2/G2.2 (experiment 1) Four protocols were used for the culture of embryos: (i) KSOM g AA until 144 h post-HCG with no renewal of the medium, (ii) KSOM g AA for 48 h followed by culture to 144 h post-HCG in KSOM g AA , (iii) G1.2 until 144 h post-HCG with no renewal of the medium, (iv) G1.2 for 48 h followed by culture to 144 h post-HCG in G2.2. Three replicates were done. Two experimental units were allotted to each treatment in replicate 1 and 3 experimental units in replicates 2 and 3. The results were obtained in two phases. The first phase, lasting until the medium was renewed in two of the protocols, consisted in reality of a comparison of the development of the zygotes cultured 48 h in two media: KSOM g AA and G1.2. At the end of this period the numbers of zygotes that remained as zygotes and the numbers of embryos that had developed to the 2-cell, 3-4-cell and 8-cell/compacted morula stage were recorded. The second phase, lasting from 48 h from the beginning of culture until 144 h post-HCG, consisted of the comparison of the four protocols. At 96, 120 and 144 h post-HCG the numbers of embryos that had developed into zonaenclosed blastocysts, blastocysts that had commenced hatching and completed hatching were recorded. Finally the numbers of ICM cells and TE cells in each blastocyst were counted.
Development during the first phase
The distributions of the numbers of embryos that remained as 1-cell, developed to 2-4-cell embryos, 5-8-cell embryos and compacted morulae by 72 h post-HCG, when cultured in KSOM g AA and G1.2, are summarized in a 2×4 contingency table (Table II) . There was no significant difference between the rates of development in KSOM g AA and G1.2 during this initial period of culture.
Morphological development reached by 144 h post-HCG in
The data from the three replicates have been pooled and summarized in Table IIIa . The rates of blastocyst formation were very similar in media KSOM g AA and KSOM g AA /KSOM g AA , reaching a rate of formation of ∼89% by 144 h post-HCG. There was also no significant difference between the rates of blastocyst formation in media G1.2 and G1.2/G2.2, both reaching a rate of ∼82%. Development of blastocysts was slightly slower using the G1.2 and G1.2/G2.2 protocols compared with the KSOM g AA and KSOM g AA /KSOM g AA protocols. In summary, high yields of blastocysts were obtained by 144 h post-HCG using all four protocols. The distributions of the zona-enclosed blastocysts, hatching and hatched blastocysts at 144 h post-HCG observed using the four protocols are shown in Table IIIb . Statistically, the four distributions are significantly different (P = 0.008). The significance is due to variation in the pattern of hatching using the G1.2, G1.2/G2.2 protocols and the KSOM g AA , KSOM g AA / KSOM g AA protocols. The G1.2 and G1.2/G2.2 protocols supported a majority of blastocysts that started to hatch and completed hatching by 144 h post-HCG. In contrast, a greater percentage of blastocysts cultured using the KSOM g AA , KSOM g AA /KSOM g AA protocols started to hatch but fewer had completed hatching by 144 h post-HCG. The ICM data have been pooled over replicates to generate the box plots shown in Figure 1a . The numbers of ICM cells vary over a wide range (0-73). The notches of the distributions overlap for blastocysts developed in KSOM g AA and KSOM g AA / KSOM g AA indicating no significant differences between the medians of these two distributions. A t-test based on the ANOVA shows that there is no significant difference between the means of the two distributions (P = 0.597). In contrast, the notches of the distributions for blastocysts that developed throughout in G1.2 and in G1.2/G2.2 respectively just fail to overlap, showing that the number of ICM cells which develop is slightly less when cultivated in G1.2 compared with G1.2/ G2.2. A t-test shows that the means of the distributions are significantly different (P = 0.008). Only one trophoblastic vesicle was seen in this experiment in an embryo cultivated in G1.2.
The analysis of deviance for the TE data shows a significant main effect of replicates (P = 0.008) and protocols (P = 0.0001), and also a significant replicate × protocol interaction (P = 0.0004). The significant interaction is due to a result in one replicate where the number of TE cells produced in G1.2 is greater than in G1.2/G2.2, the opposite of that seen in the other two replicates. The data have been pooled, however, to generate the box plots shown in Figure 1b since the aberrant result does not significantly affect the overall conclusions. The numbers of TE cells vary over a wide range over all protocols . The notches of the distributions overlap for blastocysts developed in KSOM g AA and KSOM g AA /KSOM g AA indicating no differences in the median TE counts in blastocysts that developed in these two protocols. A t-test shows that there is no significant difference between the means of the two distributions (P = 0.950). The notches for the data cultured in G1.2 and G1.2/G2.2 also overlap showing that the median numbers of TE cells produced in G1.2 and G1.2/G2.2 are not significantly different. A t-test confirms that there is no significant difference between the means of the two distributions (P = 0.597). The results also show that the TE cell counts in blastocysts produced using G1.2/G2.2 are not significantly different from the counts using KSOM g The distributions of the ratios between the numbers of ICM and TE cells are shown in Figure 1c . Statistical analyses demonstrate no significant differences between these ratios in blastocysts cultured in KSOM g AA , KSOM g AA /KSOM g AA and G1.2/G2.2. The ratio is significantly lower in blastocysts cultured in G1.2, demonstrating that relatively fewer ICM cells developed compared to TE cells. The development of mouse zygotes by 144 h post-HCG using four culture protocols was compared. The protocols were culture of embryos in: (i) KSOM g AA until 144 h post-HCG with no renewal of the medium; (ii) KSOM g AA for 48 h followed by culture to 144 h post-HCG in EDTA-free KSOM g AA ; (iii) DM2 until 144 h post-HCG with no renewal of the medium; (iv) DM2 for 48 h post-HCG followed by culture to 144 h post-HCG in DM1. Three replicates were done. Eighteen experimental units were allotted to each treatment in replicates 1 and 2, and 15 experimental units in replicate 3. The experimental design was similar to that described in experiment 1, the results being obtained in two phases.
Development in KSOM
Development during the first phase
The distributions of the numbers of embryos that remained as 1-cell, developed to 2-cell embryos, 3-4-cell embryos, and 8-cell embryos plus compacted morulae after 48 h of culture in KSOM g AA and DM2 are summarized in a 2×4 contingency table (Table IV) . There was a highly significant difference between the rates of development in KSOM g AA and DM2 during this initial period of culture, the embryos cultured in KSOM g AA developing at a faster rate.
Morphological development reached by 144 h post-HCG in KSOM g
AA , KSOM g AA /EDTA-free KSOM g AA , DM2 and DM2/DM1
The data from the three replicates have been pooled and summarized in Table Va . The rates of blastocyst formation were very similar in media KSOM g AA , KSOM g AA /EDTA-free KSOM g AA and DM2/DM1 throughout the 144 h period of culture. The rate of blastocyst formation in medium DM2 was similar to the other media for the first 120 h post-HCG but fell off slightly in the next 24 h, causing a significant difference between the yields of blastocysts that developed by 144 h post-HCG (P = 0.02). In summary, high yields of blastocysts were obtained by 144 h post-HCG using all four protocols, the yield of blastocysts in medium DM2 (∼73%) being only ∼8% less than development in the other three protocols (∼80%).
The distributions of zona-enclosed blastocysts, hatching and hatched blastocysts at 144 h post-HCG observed using the four protocols is shown in Table Vb . Statistically, the four distributions are significantly different (P < 0.001). The difference is due mainly to the very reduced onset of hatching in blastocysts that developed in DM2 (23%). The analysis of deviance of the ICM data shows significant main effects of replicates (P = 0.001) and protocols (P < 0.0001) and also a very significant replicate × protocol interaction (P = 0.001). The interaction is due to variation between the magnitudes of the differences between the effects of the four protocols. Nevertheless the patterns of the differences are similar so that the data have been pooled over replicates to generate the box plots shown in Figure 2a . The data show that the numbers of ICM cells vary over a wide range (0-58). Further, the notches of the distributions, which indicate the approximate confidence limits for the medians, overlap for blastocysts and DM2/DM1 indicating no significant differences between the effects of these three protocols. The notch of the distribution for blastocysts that developed throughout in DM2 is well below the others indicating that the number of ICM cells that develop under these conditions is much less. A small part of the variation in the ICM count data is due to failure of the ICM to develop, giving rise to trophoblastic vesicles. The numbers of these vesicles observed in embryos that developed in KSOM g AA , KSOM g AA /EDTA-free KSOM g AA , DM2/DM1 and DM2 were one (1/83: 1.2%), two (2/99: 2.0%), two (2/72: 2.8%) and seven (7/69: 10.1%) respectively.
The TE data have been pooled to generate the box plots shown in Figure 2b . The numbers of TE cells vary over a wide range (18-181). The notches of the distributions overlap for blastocysts developed in KSOM g AA and KSOM g AA /EDTA-free KSOM g AA indicating no differences in the TE counts in blastocysts that developed in these two protocols. The notch for the data cultured in DM2/DM1 does not overlap with the notches of the KSOM g AA data, and shows that the TE counts in blastocysts produced under this protocol are significantly, but only slightly, less than the counts using KSOM g AA . The notch of the distribution for blastocysts that developed in DM2 is well below the others indicating that the number of TE cells that develop under these conditions is very much less when cultured throughout in DM2.
The distributions of the ratios between the numbers of ICM and TE cells are shown in Figure 2c . Statistical analyses (not shown) demonstrate no significant differences between these ratios in blastocysts cultured in KSOM g AA , KSOM g AA /EDTAfree KSOM g AA and DM2/DM1. The ratio is significantly lower in blastocysts cultured in DM2 demonstrating that relatively fewer ICM cells developed compared to TE cells.
Implantation and fetal development rates of transferred embryos cultured in either KSOM g AA or G1.2/G2.2 (experiment 3)
Blastocysts and compacted morulae for embryo transfer were obtained from zygotes cultured for 96 h post-HCG using either the one-step protocol KSOM g AA or the two-step protocol G1.2/ G2.2. The remainder of the embryos were cultured until 144 h post-HCG. Those embryos grown to 144 h post-HCG in KSOM g AA yielded 89% blastocysts containing median numbers of 31 and 126 ICM and TE cells respectively, while for those grown in media G1.2/G2.2, 81% of zygotes had developed into blastocysts containing median numbers of 29 and 88 ICM and TE cells respectively. The hatching rates of the blastocysts were similar using the two media. Compact morulae and blastocysts were transferred into 30 recipient females of which 21 became pregnant. Forty-eight and 28 fetuses developed using the KSOM g AA and G1.2/G2.2 protocols respectively. No gross abnormalities, such as exencephaly, were observed in either group of fetuses.
Four of the pregnant females had implantations and/or fetuses in only one horn and were excluded from the statistical analysis. These results are summarized in Table VI . The analyses show that the data within each group of mothers formed homogeneous groups and can be pooled. The common odds ratio showed that the numbers of implantations in each group were not significantly different. In contrast significantly fewer fetuses developed using the G1.2/G2.2 protocol compared with the KSOM g AA protocol. The distributions of the fetal body weights are shown in Figure 3 . There is no significant difference in body weight of the fetuses that developed using the KSOM g AA and G1.2/G2.2 protocols.
Discussion
Effect of renewing KSOM g
AA
The results shown in Table III demonstrate that there are no differences in the percentages of zygotes that develop into blastocysts in KSOM g AA and KSOM g AA /KSOM g AA . Further, the rate of hatching was not significantly different using the Table V demonstrate that there are no differences in the percentages of zygotes that develop into blastocysts nor the rates of hatching, and the results shown in Figure 2 demonstrate that there were no significant differences between the numbers of ICM and TE cells present in the blastocysts that developed in the two protocols. Recently, Gardner and Lane (2003) and Lane and Gardner (2003) have criticized the use of KSOM media because of the accumulation of ammonium in the medium from the spontaneous decomposition of Gln. If this accumulation of ammonium is in fact detrimental then renewal of the medium should be beneficial. Our results show that this is not the case. The fact that we have also found no abnormal fetal development using KSOM g AA in a single-step protocol also suggests that Gardner and Lane's concern is not supported by this evidence and by other reports published elsewhere (Sinawat et al., 2003; Biggers et al., 2004a,b; Summers et al., 2005) . Our results also demonstrate that EDTA in KSOM g AA throughout the culture period did not affect development.
Effect of removing EDTA from medium DM2
Early attempts to culture newly fertilized mouse ova, particularly from outbred and inbred strains, were frustrated by the '2-cell block' (review Biggers, 1993) . Abramczuk et al. (1977) overcame this block by adding EDTA to Whitten's medium (Whitten, 1971) . Although the 2-cell block was not absolute in the strains of mice they used, the addition of EDTA spanning a range of concentrations increased the numbers of blastocysts that developed. There have been several independent studies published that confirm the ability of EDTA to overcome the 2-cell block (Hoshi and Toyoda, 1985; Loutradis et al., 1987; Fissore et al., 1989; Nasr-Esfahani et al., 1990) . Gardner and Lane (1996) , however, reported that the body weights of fetuses that developed from blastocysts produced in vitro in the presence of EDTA and transferred to surrogate mothers were significantly lower than those that developed from blastocysts in DM2/DM1. The practice of not including EDTA in the second phase of culture in two-step protocols stems from this observation. Our results confirm that the presence of EDTA in DM2 during the second phase of culture has deleterious effects, shown by a significant reduction in the rate of hatching and significant reductions of the numbers of ICM and TE cells. This reduction in the numbers of cells in the blastocysts may presage the reduced fetal weights reported by Gardner and Lane (1996) . The cause of the inhibitory effects on the development of the mouse blastocyst is unknown. The development of the bovine blastocyst is also inhibited by EDTA, possibly by the inhibition of glycolysis when there is a rapid increase in the utilization of glucose, presumably as an energy source (Gardner et al., 2000) . A similar increase in the uptake of glucose begins in the mouse at the morula stage (review: Biggers et al., 1989) whose utilization could be inhibited by a high concentration of EDTA.
The reason that EDTA is not deleterious in KSOM g AA but deleterious in DM2 on the development of the blastocyst may well be a concentration effect. The majority of the concentrationresponse curves, determined independently by Abramczuk et al. (1977) , Loutradis et al. (1987) and Fissore et al. (1989) , suggested that most of the embryos overcame the 2-cell block when 5-10 μmol/l EDTA is added to media. Higher concentrations were also effective and toxicity did not occur until concentrations >200 μmol/l were used. Chatot et al. (1989) used 100 μmol/l EDTA in a new medium they produced for the culture of mouse preimplantation embryos called CZB, and Gardner and Lane (1996) used 100 μmol/l EDTA in medium DM2. Lawitts and Biggers (1991) exploited the experimental strategy called sequential simplex optimization to determine simultaneously the optimum concentrations of all components in the medium in order to take account of all the possible interactions between the effects of the several components. The result was medium SOM (Lawitts and Biggers, 1992 ) (the forerunner of KSOM) in which the optimum concentration of EDTA was one order of magnitude less (10 μmol/l) than that used by other investigators. Possibly this lower concentration of EDTA does not lead to the adverse effects that have been observed when 100 μmol/l EDTA is included in the media.
Development in G1.2 and G1.2/G2.2
The proportions of blastocysts that formed in G1.2 and G1.2/G2.2 were not significantly different, as well as those which hatched (P = 0.352). Thus the components and their concentrations in G1.2 are able to support the morphological structure of the blastocyst throughout the culture period without replacement. The changes in the composition of the environment produced by replacing G1.2 with G2.2 do not appear to affect the morphological development. In contrast, the numbers of ICM Figure 3 . Distributions, summarized as box plots, of the body weights of fetuses 15 and 16 days post-hCG that developed from morulae and blastocysts that had developed in either KSOM g AA or G1.2/G2.2. cells which formed in blastocysts that developed only in G1.2 is significantly less than those that develop when G1.2 is replaced with G2.2 48 h after the beginning of the culture period. Unfortunately the compositions G1.2 and G2.2 were trade secrets when our work was done. Only recently have the compositions of these media been revealed (Gardner and Lane, 2002) . Several differences exist between the compositions of the two media, so it is impossible to pin-point the cause of the effects on ICM numbers. In our hands the numbers of ICM and TE cells produced in the blastocysts were larger using KSOM g AA than G1.2/G2.2 in contrast to the results reported by Lane and Gardner (2003) . The importance of such differences should not be overemphasized since, in using commercially prepared media, changes could occur during the inevitable shipping and long storage after preparation.
Clinical implications for human IVF
The results presented in this paper suggest that a two-step protocol may be sufficient for the culture of mouse zygotes to blastocysts but that it is not necessary. It is important to know whether this conclusion applies to the media used for the culture of the human preimplantation embryo to the blastocyst stage. Two studies suggest that this conclusion may be valid. Biggers and Racowsky (2002) showed that human zygotes can develop into blastocysts in 5 days with high efficiency when cultured using KSOM plus amino acids without renewal of the medium. Normal babies were born using this medium. Macklon et al. (2002) cultured human zygotes in a 17:3 mixture of Earle's balanced salt solution and Ham's F10 medium supplemented with albumin which they called the Rotterdam medium. The zygotes developed with equal efficiency when they were cultured either in the Rotterdam medium using a one-step protocol or in G1.2/G2.2 using a two-step protocol. Further, renewing the Rotterdam medium after 48 h culture did not increase the efficiency. Unfortunately, the field is dominated by the strongly held opinion, originating in the writings of Gardner and Lane, that the two-step protocol is absolutely necessary to imitate the environment encountered by preimplantation embryos in situ (see several current reviews: Mehta, 2001; Kolibianakis and Devroey, 2002; Pool, 2002; Quinn, 2004) . The popularity of this conviction is due to its intuitive appeal, but critical examination shows that it is not supported by direct experimental evidence (reviews: Biggers, 2003; Summers and Biggers, 2003) .
